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INTRODUCTION
It is well known among experts monitoring wind farm sites, before and after their construction, that despite general rules governing avian species behaviour during the breeding season, there are also exceptions caused by local constraints in a given area, e.g. landforms, dominant habitat, and human influences such as villages, industrial areas and roads. All of these cause breeding sites, feeding areas, and the routes and height of local movements to be selected on a local scale. Hence a number of local factors may change the probability of collision for birds, complicating estimation of the actual impact of a wind farm on local birds. A standard practice is to assess the potential influence of a planned wind farm according to pre-construction monitoring and evaluation of collected data. The methods used are highly varied, and the experts' conclusions range from general statements such as, 'many interesting birds were observed during breeding time/migration, so this is an unsuitable location for the wind farm', to more detailed descriptions, including the location of actual nests of birds of conservation concern, and the use of 'acceptable distances' between a nest and the wind farm (e.g. LAG VSW 2014), to evaluation of collision risk using various sophisticated models (e.g. Smales 2006 , Band et al. 2007 , Percival 2007 , Scottish Natural Heritage 2011 , Eichhorn 2012 , Busse 2013 . Data collection for assessment decisions is most sophisticated and exact when technically advanced methods are used, such as GPS tracking of the birds of concern. However, all pre-construction monitoring methods, while they may include the behavioural aspect of collisions (avoidance indices in modelling), are applied to a situation where the birds are not actually confronted with the working wind turbines. Thus birds behave differently than when they live close to an actual wind farm. Observations of birds' behaviour after the farm has been built and comparisons with pre-construction monitoring remain scarce. A very interesting example was recently presented during the 2017 meeting of EOU in Turku, Finland (Schaub et al. 2017) . Additionally, the authors cited used the most exact GPS tracking of the harriers observed.
The aim of this study was to evaluate how local pairs of kites behave in the vicinity of wind farms that are to be re-powered. Special attention was given to variation in flight intensity depending on the local landscape, as well to active avoidance of existing wind turbines.
THE STUDY AREA
The Mutzschen wind farm (Saxony, Germany) is now powered with 8 turbines of 2 MW (rotor 90 m, tower 105 m). It is to be re-powered with two turbines of 3.6 MW (rotor 130 m, tower 85 m) plus two turbines of 2 MW (rotor 100 m, tower 80 m) and one turbine of 3.5 MW (rotor 101 m, tower 74 m).
The area studied is a typical habitat for Red Kite -open farmland with patches of trees and dispersed small villages, connected by narrow local routes, partly framed by trees. South of the wind farm there is a highway with heavy traffic and a lot of noise. The shortest distance from a known Red Kite nest to the highway is around 1,200 m (Map 1). The larger town of Nerchau with some industrial infrastructure is located at a distance of slightly over 3 km. Most of the area around the nest, the wind farm and the motorway is covered by fairly large fields with varied crops, mainly rapeseed, wheat and maize, with some sugar beet and meadows. It should be added that in some of the wheat fields the plants were lying flat as a result of earlier heavy rains and storms, which altered the normal appearance and character of the habitat.
The problem to be studied at Mutzschen was the safety of a Red Kite pair breeding in the vicinity of the farm. In 2015 the distance from the nest to the working farm was about 1,400 m, while for breeding in 2016 these birds situated their nest closer the farm, at a distance of about 1,200 m (Map 1). These distances are close to the generally accepted distances between Red Kite nests and wind farms (LAG VSW 2014) .
The second wind farm area studied, Mautitz, lies about 20 kilometres from the first and is currently powered by four turbines of 3.0 MW (rotor 101 m, tower 135 m). It is to be enlarged by building an additional 8 turbines -four of 3.45 MW (rotor 112 m, tower 140 m) and four of 3.45 MW (rotor 126 m, tower 149 m).
The Mautitz wind farm is surrounded by a few smaller settlements -Mautitz, Groptitz, Ragewitz, Grubnitz, Blosswitz, Reppen and Ganzing (at distances below 3 km). The larger town of Riesa lies at a distance of slightly over 4 km. Most of the area around the nests, the wind farm and the road is covered by fairly large fields with varied crops -mainly rapeseed, wheat and maize. It should be added that at the time of the observations a few barley fields had already been harvested and followed by preliminary shallow ploughing, while most of the rape fields had just been mowed and mowing of the wheat fields began in the last two days of the observation time.
Both kite nests are located within a patch of high trees situated close to the road, around 300 m apart.
The problem to be studied at Mautitz was the safety of Red Kite and Black Kite pairs breeding in the close vicinity of the farm: in 2016 distance from the nests to the working farm was well below 1000 m. This distance is below the limit of generally accepted distances from wind farms for both Red Kite and Black Kite nests (LAG VSW 2014).
FIELD WORK
Until fledglings of raptor birds reach full independence, their movements are guided by their parents according to local hunting customs, mainly within the preserve (breeding territory). Thus the behaviour of the family just after the young birds leave the nest follows from the experience of the adults during the chick-feeding period. It is reasonable to combine observations from the breeding and early postbreeding time to draw common conclusions.
Stationary observations were made from three observation posts at the site (for Mutzschen see Map 1 -I, IA and II; for Mautitz see Map 2 -I, II and III) from which the whole area around the nests and the wind farms was covered. Observations were performed simultaneously by two observers from the same post, so that all surrounding terrain (360°) was under continuous control.
The individuals, when 'caught' by the naked eye or binoculars (10x50), were followed as far as possible and then their tracks were drawn on a background map (example for Mutzschen -see Map 3, for Mautitz -see Map 4), and the time of the observation was noted. The tracks ('observation items') were classified as 'circling', 'transport flights', 124 THE RING 39 (2017) Map 2. The area of the study at Mautitz. White circles -locations of observation stands (I, II, III), red circles -locations of the Red Kite and Black Kite nests in 2016, yellow circleslocation of active turbines, small white circles -planned turbines, rectangle -the current wind farm area, while ellipse -planned wind farm area.
'sitting on the ground' (attacking prey?) or sitting in a tree or on a utility pole (these last two cases were sporadic). When both birds of the pair in Mutzschen were caught simultaneously, each bird was followed by one of the observers. When possible, we followed the bird by car and tried to establish its feeding destination. This, however, was rare.
The field study at Mutzschen was carried out for 8 days (13-20 June 2016), while the chicks were still in the Red Kite nest, 9-10 hours daily, starting one hour after sunrise (except on 16 June, when observations were conducted for only 3 hours due to continuous rain during part of the day). Altogether there were 71 hours of observations, performed by two observers. Special attention was given to posts I-IA, from which the wind farm was fully under observation (38 hours of observations), while there were 33 hours of observations at post II. The location was changed every 2-3 hours, starting one day from post I and the next day from post II. Only adult Red Kites having a nest close to the farm were recorded, but twice three adults were observed simultaneously. Other raptor species observed in the area, i.e. Common Buzzard Buteo buteo and Kestrel Falco tinnunculus were not followed.
A summary of the observations is presented in Table 1 . The weather during the observations in Mutzschen was highly varied, with rapidly changing cloud cover (various clouds types from cirrus to altostratus, cumulus, and cumulonimbus clouds with rain and thunderstorms). On most days the wind blew from the west, one day from the south, and at the end of the observation period from north to northwest. There were, however, hours with no wind at all. When the wind was blowing we noted its power by estimating the speed of the turbine rotors (the highest motions were 12-13 turns/minute).
At Mautitz, the field study was carried out for 7 days (18-24 July 2016), 8-10 hours daily (8:00-18:00), but after 17:30 there were no records. Altogether there were 68 hours of observations, performed by two observers. Stationary observations were made from three observation posts (see Map 2 -I, II, III), which covered the entire area around the nests and the wind farm. The locations were changed every 2-3 hours.
Special attention was placed on posts I and II, from which the wind farm (current and planned area) was fully under observation (36 hours of observations), while only 14 hours were spent at post III, as the first two days of observations showed that the area was rarely visited by birds. Initial observations on 18 JD and 19 JD July were more flexible, as we additionally monitored a wider area to learn the birds' behaviour over a larger area, following birds outside the main area by car. Thus these days are treated differently than the others in some respects, for compatibility reasons. During the observations performed at Mautitz, young birds of both kite species were already on wings, flying with adults or as singles. Apart from kites, Marsh Harriers Circus aeruginosus were regularly seen here and this species was included as birds of concern. Buzzards and kestrels were not specially followed.
A summary of the observations is presented in the Table 2 . The style of observations was as at Mutzschen, but because frequently more than one species occurred at different distances, some individuals were not identified to the species level. Unidentified individuals accounted for 20%.
The weather during the observations at Mautitz was highly varied, with rapidly changing cloud cover (clouds types from cirrus to alto stratus to cumulus). During the observation days, the wind blew from different directions -N, NW, W, S and E. There were, however, hours with no wind. When the wind was blowing we noted its power by estimating the speed of the turbine rotors (the highest motions were 11 turns/ minute, but usually 3-6).
RESULTS AND EVALUATION PROCEDURES
All symbols of observation items (flights, circling and sitting) were transferred from the draft hand-made background maps to computer graphics (example Maps 3-4). Then the areas were divided into a few sub-areas that were suspected to be of different value for the observed birds (Maps 5-6).
Map 5. Names of sub-areas at Mutzschen (in ellipses). Triangle and yellow dots -the area of the wind-farm with turbine locations.
At Mutzschen, sub-areas designated as NW and NE were situated along a wide valley running from Nerchau to the east. W is the area south of Nerchau, C the central area around the nest, from which birds can fly directly to the valley, CE is the area bordering with the central area that was used as a flyway in the direction of the NE area of the valley, area S was surprisingly rarely used by birds (perhaps because of the motorway?), and E was an area even less used than area S. Altogether there were 114 records of Red Kite individuals, on average 1.6 records per hour. For a better presentation of frequencies, each record was scored as to the time spent in the area: circling = 2 units (long presence), flight = 1 (if the bird at least partially crossed the area), occurrence close to the area = 0.5. The frequency of occurrence units in different areas is listed in Table 3 . This table also shows that the activity of birds was highly varied. Due to the short monitoring time and very wide variation in weather conditions, it is not possible to comment on the causes of this variation. The variations are presented in graphic form in Figure 1 (differences in the amount of the time spent in each area) and Figure 2 (numbers of records of Red Kites per day).
Combining daily maps into one map made it possible to indicate areas where birds occurred with different frequency (Map 7). The feeding grounds of the Red Kite pair clearly lie to the north of the nest, in the opposite direction to that of the wind farm. The valley area seems to be attractive to Red Kites, as single 'strange' individuals arrived from that direction (when three kites were observed simultaneously). During the entire monitoring time, a Red Kite flew through the farm area only four times (twice at the rotor level and twice well above the rotor level). All of these cases occurred when there was no motion of turbine rotors.
The area around the Mautitz wind farm was divided into several sub-areas that seemed to be of varying value for the observed birds (Map 6). Sub-areas E1 and E2 and the farm area F (Fa actual farm, Fp -planned farm) bordered directly on the nesting site. Sub-areas S, SW, NW and N were well controlled from the observation posts, while sub-areas E and SE were too far for species identification -birds were visible as dots with 10x50 binoculars.
During the entire observation time a few bird species listed in Annex 1 of Directive 2009/147/EC were observed: Red Kite Milvus milvus, Black Kite Milvus migrans, Marsh Harrier Circus aeruginosus, Hen/Montagu's Harrier Circus cyaneus/pygargus, and White Stork Ciconia ciconia. The most numerous were Red Kite, Black Kite and Marsh Harrier -discussed below in more detail, while Hen/Montangu's Harrier was observed once (a male), and there was one observation of five White Storks near a harvesting machine.
Altogether there were 235 records of kites, on average 3.45 records per hour. On 20-24 July there were 151 records of identified individuals, and the ratio of numbers of Red Kite to Black Kite was 1:1.32. If we assume equal identifiability of species and the presence of four adults in the area, we can estimate that there were three young Red Kites and four young Black Kites. This is in agreement with the information that there were three chicks in the Red Kite nest, obtained from a local observer. The second most common raptor species among those in Annex I of the Directive was the Marsh Harrier, with 37 records (both males and female/young individuals were observed) and none was observed crossing the wind farm area. The most common species, frequently observed all around the area, was Kestrel Falco tinnunculus. Another common raptor species was Common Buzzard Buteo buteo, which was observed spo- radically during the first five days, but on the last two days in numbers up to 5-6 individuals together; this was probably a family or families that had migrated from neighbouring area.
For a better presentation of frequencies of occurrence of birds in different parts of the area, each record was scored as to time spent in the area, the same way as for Mutzschen: circling = 2 units (long-time occurrence), flight = 1 (if the bird at least partially crossed the area). The frequency of occurrence units in different areas is listed in Table 4 . This table also shows that the activity of birds was quite varied. Due to the short monitoring time and very wide variation in weather conditions, it is not possible to comment on the causes of this variation. The variation is presented in graphic form in Figure 3 (differences in the amount of time spent in each area by individuals of different species). It can be seen here that the distribution of species' preferred areas is varied. Even for kites, distributions are statistically significantly different (chi-square test, df = 6, p < 0.01). Combining daily species maps into one made it possible to indicate areas where birds occurred with different frequency (Maps 8-10 ). The maps visualize these differences: the Red Kite preferred more distant hunting grounds (NE sub-area), while the Black Kite adhered to the sub-area closest to the nest (E1). This tendency was visible even in the portion of individuals visiting the current farm area and the area to be built up with more turbines: only 2.8% of the Red Kite records were at the current farm area (3 flights through the line of turbines, usually close to the midpoint between the turbines, at varying heights, and when rotor speed was up to 5 turns/min); the percentage of Black Kite individuals crossing the line of turbines was three times higher (9.9%). It can generally be expected that these percentages, in relation to the area of the farm, will be at the same level when the farm has been expanded. The Marsh Harriers observed arrived mainly from the north (north-east) from an unknown breeding site. Table 4 Distribution of observation items among sub-areas of Mautitz wind farm 
DISCUSSION
There is general agreement that the Red Kite is more susceptible to collision risk than the Black Kite. A number of analyses of the risk of collision of raptor birds with wind turbines stress that several local constraints influence the level of risk. The authors list the usual height of flights for a given species as one of the important constraints (e.g. Hötker et al. 2006) . For a few species (especially harriers), the usual flight height during hunting puts these species at a lower risk than others. For an example, harriers usually fly below the most common lowest height of turbine rotors; Schaub et al. 2017 list percentages of low flights among all observed flights for Montagu's, Hen and Marsh harriers in Western Europe as 86%, 85% and 95%, respectively, while Busse (2013) reported values for Poland of 84.0%, 94.5% and 92.1%.
For the Red Kite, Busse (op. cit.) gave this value as 59.1%, thus indicating a potentially higher collision risk for this species: he estimated the collision risk for this species as 0.0075/turbine/year (once per 133 years), as compared to 0.0012 (once per 814 years) for the Black Kite. According to Hötker et al. (2006) , this parameter can be estimated for Red Kite as 0.006/turbine/year, while Dürr (2009) reported this value as 0.028. Eichhorn et al. (2012) built a sophisticated model for estimating the collision risk of predatory birds. They claimed that 'collision risk declines exponentially with increasing distance between a bird's aerie and WT [wind turbine]' and that this relation is modified by the avoidance rate for the species. The first element is obvious, as in a two-dimensional space, if we assume random movements of birds from the eyrie, the frequency of observations of birds at growing distances will be according to a fixed relation of N flights to the square of the distance (N/dist. 2 ). Estimations are improved by correction of the collision probability by the avoidance rate. Additionally, the authors use Hötker's and Dürr's (op. cit.) data to estimate the distance from kite eyries to wind farms, and citing Nachtingall (2008), claim that the results are positive proof of the model: 'The derived impact function is therefore, indirectly validated.' However, the distance values from Hötker (2000 Hötker ( -2500 and from Dürr (1300-1500 m) are very different and, much more importantly, these authors overlooked the fact that Nachtigall (op. cit.) showed in his Fig. 3-3 that flights of adults from nests are highly asymmetrical, and thus the model based on the assumption of accidental distribution of flight directions is not applicable for the species. The results of our observations confirm Nachtigall's finding (op. cit.) that the flights of both kite species are not at all random (the birds clearly prefer some directions and abandon others). From observations performed when the nests were close to the wind farms, it is not possible to conclude whether this selectivity of flight directions at the study sites is caused by high avoidance of the farm or by independent properties of the surrounding terrain. High agreement of our results with the data presented by Nachtigall (2008) may support the hypothesis that natural causes of this phenomenon play an important role in the picture obtained. CONCLUSIONS 1. The distribution of flights of adult Red Kites in the vicinity of the Mutzschen wind farm during chick-feeding time is not random, as the flights are clearly concentrated on specific target hunting areas, while other directions are visited infrequently. The directions of kite flights at Mautitz in the period just after the young birds have left the nest are still clearly selective -the birds favour some areas, while abandoning THE RING 39 (2017) 135 others. Thus, the local constraints of the area and specific hunting habitat preferences seem to have a strong influence on the local patterns of flight behaviour and, consequently, on local collision probability. 2. Based on point 1 above, it may be advisable to conduct special monitoring of movement patterns at breeding time if kite nests are found close to the planned location of the wind farm.
3. Kites crossed both farms very infrequently, and this was observed only when the turbine rotors were not in motion or were turning slowly (below 5 turns/min.).
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